The attribute of intensity in color is called either brightness or lightness according to whether color is perceived to belong to an aperture or self-luminous area or to a surface. The former varies from dim to bright whereas the latter from black to white in the case of achromatic color (Committee on colorimetry, 1953; Judd, 1951) . For the brightness the bril scale has been proposed by on the basis of his own experimental data coupled with the result obtained by Troland (1930) , which has stirred up some discussion (Michels, 1954; Stevens & Galanter, 1957) . As to the lightness the Munsell value scale is widely known. The series of patches extending from black to white by subjectively equal steps has been established as the result of extraordinarily thorough investigations; indeed, according to Stevens, it is probably the best determined category-scale in existence (Stevens, 1958, p.642 ). As will be discussed later, however, it might be a matter of controversy to regard the Munsell value function as a category scale.
The value scale in the Munsell renotation, which has wide practical utility at present in industry and commerce as well as in science, stems from the results of the experiments by Munsell, Sloan, and Godlove (1933; Godlove, 1933**) . Therein, two procedures gave, in complete agreement, a subjectively uniform scale for the lightness as a function of the reflectance of stimulus. The adjective uniform is for the sake of indicating that the same amount of increase in the numerical value assigned is to correspond to the subjectively equal increase in lightness. One of the procedures was cummulating jnd's and another was the method of equisection. As a rule, two scales developed by these methods are found to be nonlinearly related to each other in the attribute of intensity (Stevens, 1957 (Stevens, , 1958 Stevens & Galanter, 1957) , which has provided the basis to cast doubts as to the assumption since Fechner that jnd's are subjectively equal throughout the stimulus range. Hence, the coincidence of both scales in the above mentioned experiments seems to be exceptional and it is especially astonishing when the circumstances are taken into account that only five jnd's were experimentally determined and values interpolated from these were cummulated by graphical integration; the procedure containing some problems in it (Luce & Edward, 1958) . It is to be noted that agreement of the same kind was also reported by * The two experiments involved were carried out by Masatoshi Tomiyama and by Kiyoshi Takano for their Graduation Theses under the authors' guidance. Deep gratitude is expressed to them and also to the students who took troubles as Ss. Thanks are also due to Satoru Kawai for his help in preparing the manuscript. This study was partially financed by a grant of the Ministry of Education. ** It was in the last decade of the 19th century that A.H. Munsell had started his study on the original value scale as the first of the three color dimensions to be developed by him (Gibson & Nickerson, 1940; Nickerson, 1940) . However it is true that the dimension of value at present has been redefined without substantial departure from the J.E.O. Munsell-Sloan-Godlove scale.
Hanes between the brightness scale obtained by the method of fractionation and that developed by counting off jnd's (Hanes, 1949a (Hanes, , 1949b . Stevens ascribed that agreement to the condition in Hanes' experiment that brilliance was restricted below 103 trolands only (Stevens, 1957, p. 174) , and as to the lightness he showed experimental results contradictory to the finding by Munsell et al (Stevens & Galanter, 1957, p.399) .
The relation between the two kinds of scales, though interesting, will not be discussed in the present article.
Since 1937, the subcommittee organized in the Optical Society of America had made an extensive study on the spacing of the Munsell colors and consequently on the value scale as well (Newhall, 1940; Newhall et al, 1943) , in which the procedures employed were essentially psychological in nature (Newhall, 1939) . Namely, adjustments were made of the Munsell Book of Color chips on the basis of visual estimates on the three backgrounds, i.e., white, gray, and black. Though the influence of backgrounds upon hue and saturation estimates was neither systematic nor dependable, that upon value estimates was, as a matter of course, found to be significant and, as a function of reflectance, the value was given separately on each of the backgrounds*. (Newhall, 1940, p.628; Newhall et al, 1943, p.416) . It seems, however, no attempt was made to equate values on different backgrounds. Since all the color chips on a given chart (of constant hue, for example) were always seen in relation to each other and never on more than one background at a time (Newhall, 1940, p.637) , what was examined was uniformity, when observed on a background, in subjective size of the interval between the neighbouring chips along In Part I, one of two backgrounds exposed at a time was always G and the other was either B or W. Behind the top and bottom of the series of apertures, Al and A9 on G were mounted patches of 9.0 and 2.0 respectively and all the remaining apertures were, at the beginning of the experiment, being filled by the same gray paper with G. On the adjacent background, B or W, all the apertures from A1 to A9 were covered from behind by the same paper with the background throughout the experiment in Part I so that the surface looked always homogeneous. In Part II, two scales, one on G and the other on B or W, had to be compared simultaneously. Hence, the adjacent background in Part 1 was for the sake of detecting its influence, if any, upon the scale on G. Four arrangements were possible, i.e., GB, BG, GW and WG in which the order of letter indicates the spatial relationship. Scaling on G was repeated 4 times in each arrangement and the order of all the experiments was randomized. The method of equisection was carried out in the ordinal way; the interval between the lightness in A1 and that in A9 was divided first by filling A5 with an appropriate lightness and the lightness interval between A1 and A5 or that between A5 and A9 was subdivided and so forth. The strip behind the aperture was moved by the E and it was during the interval from an exposure to the next that the patch filling the aperture was changed. The exposure was always approximately 2 sec. After having completed all the 7 bisections required, the S was allowed to make final adjustments by surveying the series of 9 patches made on G as a whole. Surveying was made within 2 sec. exposure though exposure was repeated if necessary. An interval from an exposure to the next was not shorter than 2 sec.
Subject: Four Ss participated in Experiment I who were all normal in color vision. Id and Ka, the authors, were experienced in judging chromaticness (Indow & Kanazawa, 1960; Indow & Uchizono, 1960) whereas Su and Ni had no previous experience in it.
Results: Two kinds of standard deviations are shown in Table 1 other for the variations due to the influence of adjacent background and positional effect. Both are defined over 7 apertures to be adjusted and given in the unit of the Munsell value. Though the latter was found to be statistically significant, when tested, in each S except for Ka, it seemed to be too small and also not systematic enough to define separate scales for the four conditions concerning adjacent background and position. Hence, as to each aperture, 16 values obtained, 4 repetitions in each of the 4 conditions, were averaged to give the results shown in the columns headed G of Table 2 . In Part II, one of two backgrounds exposed at a time was always G in which the lightness of each aperture, from A1 to A9, was fixed at the value given in the corresponding row of Table 2 (the column headed G) and the other background was either B or AV in which all the apertures were, at the beginning of the experiment, Table 1 SD's due to two sources in terms of the Munsell value.
being filled by the same paper with the background. Sometimes G was presented on the left and sometimes on the right. The S was required, then, to match the lightness of each aperture of the adjacent background, one by one, to that of the corresponding aperture of G, i.e., one of the constituents of the lightness scale which should appear to the S by an uniform step from one to the next. The procedure of adjusting the lightness in matching was the same with that used in the equisection in Part I and the order of matching was as follows; A1, A9, A2, A8, A3, A7, A4, A6 and A5. Three repetitions were made and the standard deviation for the within variation was, as shown in Table 3 , of magnitude comparable to those in the case of equisection (Table 1) . The average of 6 adjustments in each aperture, 3 repetitions in the 2 spatial relations each, is given in the column headed B or W of Table 2 . Therein empty cells indicate "scale out", i.e., the impossibility of matching because the lightness in the corresponding apertures in G fell outside the range of possible lightness to be made on the background. Discussion: To the authors' surprise, the scales on G are not in perfect agreement with the Munsell value scale. If the result in a column G of Table 2 is plotted against the Munsell value given in the column Table  2 The uniform lightness scales on the three backgrounds in terms of the Munsell value.
Uniform
Lightness Scales on Various Backgrounds 5 Table  3 SD's for the "within" variation of matching in terms of the Munsell value.
headed "Munsell", i.e., the values to divide the interval between 2.0 and 9.0 into 8 equal steps, the curve is not linear but markedly convex downward in Su and Ni. It is not entirely impossible, for Id and Ka each, to fit a straight line passing origin with the slope of 1.0, nevertheless, a peculiar deviation is apparent in the vicinity of the value 5.0. The curve is also convex downward, though slight, in that region. If the result on G is plotted against the reflectance to give a new value function, it is more concave downward than the Munsell value function over the whole range in Su and Ni, and only around 20% in Id and Ka.
All the Ss complained of the difficulty to bisect the interval between A1 and A9 because the lightness to fill A5 happened to be very close to the lightness of G. In theory the circumstance would not give full explanation to the discrepancies between the value functions of the present experiment and the Munsell value function, since it seems to the authors that the same difficulty must have been encountered with by the Ss in the experiment by Munsell et al (1933) . As will be described later, however, the discrepancies ceased to exist in the results of Experiment II of the present study. It is highly probable, therefore, that the discrepancies are due to some peculiarities of the procedures used in Experiment I.
In general, the patches on W are of higher value and the patches on B are of lower value than the corresponding ones on G. Hence, it is obvious that the back- (Indow & Uchizono, 1960; Indow & Kanazawa, 1960 ). In the case of colored papers the spectral energy distribution of this light source is always taken into consideration to calculate the tri-stimulus values. In the present study , however, such a consideration would not be necessary and the reflectances of gray papers were taken at their face values. Fig. 1 . An example of the basic 'data : The1Munsell value of patches placed in the dents on Gd by the S ; Id.
value step.
With the use of as many duplicates cut from the same paper as was necessary, it was possible to fill any dent by any patch as desired.
The Table  4 Six kinds of standard unit of scaling in terms of the Munsell value.
another column of the same lightness. The next task of the S was to obtain the third column of the same lightness across the 5 backgrounds which makes the lightness difference between the second and third columns subjectively equal to that between the first and second columns, i.e., the standard interval given. Obtaining the third column was begun from the dent in the background of the first row and ended at the dent in the background of the fifth row. The same procedures were repeated until as many columns as possible were made so that differences between adjacent columns were all subjectively equal to each other. It frequently happened at both ends of the scales that a column remained incomplete because no patch could be found on one or more backgrounds which appears subjectively equal to the lightness of the remaining constituents of that column. Developing the scales was made by surveying all the backgrounds and the patches which had been placed on the backgrounds. Hence it is difficult to specify the condition of adaptation of the S's eyes during observation which lasted ordinarily about 60 min. in a sitting. The S was allowed to make any adjustment, whenever it was felt necessary, as to the patches having already been placed on the backgrounds.
As the standard interval mentioned above, one of six pairs of patches shown in Table 4 were used. The pair were always on Gm and the pair d were given in Al and A2, the pair in in A9 and A10, and pair b in A16 and A57. Each S made two repetitions in all the six conditions. Subject: Five Ss were run in Experiment II who were all normal in color vision. Id and Ka were the authors and highly experienced. Ta had served as a S in the experiment dealing with colored papers (Indow & Kanazawa, 1960) and Ko and En had no such experience.
Results: As an example, the data of Id on Gd are shown in Fig. 1 , where circles indicate the Munsell values of patches placed in the corresponding dents when the standard interval was of value 1.0 and crosses indicate the result when the standard interval was of value 0.6. It is to be noted that crosses are plotted by the step of 0.6 along the ordinate from the dents in which the standard interval was given.
In general the agreement between the two scales was close and there was no doubt that scaling was consistently carried out irrespective of the size of the unit given. The two results, circles and crosses, were averaged to give a representative curve for each of the three conditions corresponding to the rows of Table 4 . Then, the next step to be taken would be to pool the three curves into one, which presupposes adjusting differences in the origin and unit among the three because the scales had been developed independently to each other. Taking the curve m, as a reference, the remaining curves, d and b, were horizontally shifted so as to intersect each other at 9.5 of the abscissa, i.e., the center of the background and when the slopes of two curves, d and b, were equated to the slope of curve in, it became apparent that the three curves, m and adjusted d and b, were in fairly good agreement in general. Thus, the average curve of the three was defined as the uniform lightness scale on the background for the S, which is independent from the size and position of standard interval used in the process of scaling. Whenever an average was taken in the procedures stated above, the range covered by a curve was apt to get smaller because it was truncated unless a set of elements to be averaged was complete. In other words, only the most reliable part was retained in the final result which consists, in each S, of five scales for the respective backgrounds used.
Thus, the Munsell value of patch was determined which is to be placed in each dent AI on each background in order to
give the uniform lightness scale for the S. It is to be noted that the elements in the dents of the same serial position are war- Besides, this is the set of curves that have the widest range.
For these reasons, the result of Ko was taken as the basis for converting the results of all the Ss into a single set of curves, which was carried out as follows. When plotted as in Figs. 2 and 3, the scale on Gm exhibited a nice linear relation in each S, but the slope differs slightly from S to S indicating the existence of individual difference in the unit of scaling.
For the purpose of adjusting the individual differences, a multiplier was determined for each S to change the scales on Gm of all the Ss to be of the slope of one and the same, i.e., the slope of the data of Ko.
The multiplier thus determined was applied not only to the scale on Gm but also to all the other scales in each S with the result that satis- Table  5 The uniform lightness scales on the five backgrounds in terms of the Munsell value. of background and it was determined at 5.0 of the abscissa. Fig. 6 represents the overall influence of background as a function of its Munsell value and the discovery was made that the relationship is approximately linear.
GENERAL DISCUSSION According to Judd, the lightness scale to appear uniform against a background may be described, as a function of the reflectance of background, in terms of the formula which has been given by Adams and Cobb in connection with the problem not necessarily related to the matter under discussion. On the basis of purely theoretical considerations, i.e., assuming a set of models concerning with activities of the nervous system, they proposed an equation of hyperbolic form (Adams & Cobb, 1922) with successful fit to the experimental data provided by Cobb (1916 Cobb ( a, 1916 . What was dealt with therein is, however, not reflectance of surface but luminance of selfluminous area ; and besides, what is involved in the equation is not the lightness scale but the Weber ratio in the descrimination of lightness. By substituting reflectance for luminance, Judd asserts that the equation may be converted so as to refer to the lightness scale on background of any reflectance (Judd, 1952) . Although no mention was made by him, in order that the assertion holds, an additional assumption seems to be necessary that the lightness be linearly related to the frequency of the impulses in the optic nerves. Obviously, it is a big assumption to make. In addition, the equation in the original form presupposes the situation that a single small object lies on a background. Hence, the existence of a series of patches of various reflectances on the background is creating ambiguity in applying the equation. And the range of lightness covered by the final result of the present experiment is not wide enough. For these reasons, we will not go into examining how close is the result to the equation.
As mentioned before, in Stevens' opinion, the Munsell value scale is to be considered as a category scale (Stevens & Galanter, 1957, p. 398) . In distinguishing four kinds of scales, i.e., nominal, ordinal, interval, and ratio*, Stevens stresses upon the transformation groups that leave certain specified scale properties invariant, which is logically clear and wellorganized so that it is considered by Luce as one of the more striking contributions to the discussion of measurement in the past few decades (Luce, 1959, p. 82) . On the other hand, the position the category scale should occupy in Stevens' system is not entirely clear to the authors. That the method of bisection, hence the method of equisection also, can lead at best only to an interval scale is, according to Stevens, " obvious enough " , since, due to a basic asymmetry in sensitivity, the point of bisection tends systematically to be lower than the point predicted by direct magnitude estimation in the case of so-called prothetic continuum (Stevens, 1958 b, p. 188-189) *. On the other context, Stevens regards the Munsell value scale as a category scale of equal-appearing intervals (Stevens, 1958 a, p. 642) . The lightness scale such as developed by Emerson (Michels & Helson, 1949) would be adequately called a category scale since the categories in terms of which ratings were obtained were simply converted into integers in calculation. On the contrary, the method of equisection or the method employed in Experiment II would yield the category scale, even if it is to be so called, that is assured of being equal-appearing. In short, it seems to he an alias for an interval scale. However, it is of the opinion of Stevens and Galanter that, measured by the ratio scale, the ' " equal appearing intervals " of the Munsell scale turn out not to be equal (Stevens & Galanter, 1957, p. 400) . Then, what happens if the S observes a series of patches arranged * Recently an additional kind of scale has been included which is called logarithmic interval scale (Stevens, 1958 b; Stevens, 1959 In passing, it was also pointed out by Stevens and Galanter, that in experiments with neutral gray papers we come across an instance in which a category scale is relatively easy to establish whereas a ratio scale is extremely difficult. According to them, the lightness of gray papers is a rather difficult thing to abstract and assess on a ratio scale, especially when some of the papers seem tinged yellowish or greenish (Stevens & Galanter, 1957, p. 398-400) . The difficulty of the same kind was encountered with in Experiments I and II because patches of higher value on W were tinged yellowish and patches of lower value on B appeared definitely reddish. It was for this reason that the scale had to be truncated at both ends in the present study.
SUMMARY
For the purpose of constructing uniform lightness scales on various backgrounds in unified terms, two experiments were carried out. In Experiment I the scale was developed on the gray background by the method of equisection and on the white as well as black backgrounds the series of achromatic patches were constituted, each member of which appeared the same in lightness with the corresponding constituent of the series on the gray. In Experiment II, on the five backgrounds, black, dark gray, gray, light gray, and white, the series of achromatic paches were constructed, constituents of which differed from one to the next by subjectively equal steps in lightness and the corresponding constituents appeared the same on all the backgrounds. The scale on gray background showed a systematic deviation 
